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Background: Childhood obesity can cause the develop-
ment of cardiovascular risk factors. We assessed the effect of a 
multidisciplinary intervention program on cardiovascular risk 
factors and compared this effect with a usual-care program in 
3- to 5-y-old overweight or obese children.
Methods: Seventy-five children were randomly assigned 
to a multidisciplinary intervention or a usual-care program. 
Anthropometry, body composition, and abdominal adipose 
tissue were assessed at the start and end of a 16-wk program. 
Concurrently, fasting concentrations of serum lipids, glucose, 
insulin, HbA1c, leptin, adiponectin, high-sensitive C-reactive 
protein (hsCRP), tumor necrosis factor (TNF)-α, and interleukin 
(IL)-6 were determined.
results: In both groups, insulin sensitivity improved, 
demonstrated by decreased insulin concentrations and a 
decreased HOMA2-IR. In the multidisciplinary intervention 
group, there was also a decrease of HbA1c and TNF-α. In the 
usual-care group, an increase in glucose concentrations was 
found. Comparing both groups, changes over time were not 
different, besides trends in the decrease in total cholesterol 
and TNF-α, in favor of the multidisciplinary intervention group. 
Combining the results of both groups, a correlation was found 
between the decrease in body fat percentage (BF%), and both 
HOMA2-IR and triglyceride (TG) concentrations.
conclusion: In 3- to 5-y-old children, both obesity inter-
vention programs improved insulin sensitivity, in parallel with 
a reduced BF%.

recent data have shown that the prevalence of childhood over-
weight and obesity in the Netherlands is still increasing (1). 

Childhood obesity is a risk factor for the development of insu-
lin resistance (IR), dyslipidemia, and hypertension at a later age, 
together described as metabolic syndrome (MS) (2). MS cannot 
be diagnosed in children under the age of 10 y (3). However, 
increased concentrations of the separate components of MS have 
already been demonstrated in children aged 6–9 y (4).

Systemic low-grade inflammation may be an underly-
ing cause of MS, induced by the release of inflammatory 

cytokines from adipose tissue, and even more so from vis-
ceral adipose tissue (5,6). Increased concentrations of tumor 
necrosis factor (TNF)-α, high-sensitive C-reactive protein 
(hsCRP), and interleukin (IL)-6 have been found in obese 
children aged 9–13 y (7,8). The adipose tissue hormone adi-
ponectin has anti-inflammatory properties, demonstrated by 
the significant inverse correlation with markers of inflamma-
tion in obese children (8). Whether these deleterious pro-
cesses related to obesity are already present in overweight 
and obesity at a very young age is unknown, and no data on 
systemic low-grade inflammation are available in very young 
obese children.

Multidisciplinary lifestyle intervention programs for obese 
children have proven to be successful in reducing weight (9). 
Recent studies demonstrated that weight loss in obese chil-
dren aged 6–11 y also reduced low-grade inflammation and 
IR (4,8). In obese children, 9–13 y old, weight loss over a 1-y 
period led to a significant decrease in triglyceride (TG) con-
centrations and an improvement of an indicator of insulin sen-
sitivity, the homeostasis model assessment of IR (HOMA-IR) 
(7). This study did not show a significant correlation between 
changes in inflammatory parameters and changes in lipids and 
HOMA-IR. Significant weight loss can lead to increased con-
centrations of adiponectin, as has been demonstrated in obese 
children aged 6–15 y (10).

Little is known about the effects of a successful treatment 
program for obesity on markers of low-grade inflammation, 
lipid profile, IR, and adipokines in preschool-aged children. 
We assessed the effects of a 16-wk multidisciplinary inter-
vention program, aimed at reducing BMI, on inflammatory 
parameters, lipid profile, IR, and adipokines, in 3- to 5-y-old 
overweight or obese children and compared the results with a 
group of overweight or obese children receiving a usual-care 
program.

RESULTS
During the treatment period, 13 children were lost to follow-
up: 7 children in the multidisciplinary intervention group and 
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6 children in the usual-care group. Children who were either 
lost to follow-up or stopped the study had a slightly lower BMI 
compared with children who continued the study. However, 
this difference was not statistically significant. At the end of 
the treatment period, children in the multidisciplinary inter-
vention group showed a larger decrease in BMI (−1.2 (1.0) 
kg/m2, mean (SD) vs. −0.6 (1.1)), BMI z-score (z-BMI) (−0.5 
(0.4) vs. −0.3 (0.4)) and waist circumference z-score (z-WC) 
(−0.3 (0.5) vs. 0.0 (0.6)) compared with children in the usual-
care group, as previously described (11). Also, children in the 
multidisciplinary intervention group showed a statistically sig-
nificant decrease in body fat percentage (BF%) (−1.5 (3.4)), in 
contrast to no statistically significant decrease observed in the 
usual-care group (−0.3 (4.0)). However, the mean difference 
in the change in BF% between both groups was not statisti-
cally significant (11). Table 1 shows the details at baseline on 
serum lipids, parameters for glucose metabolism, and markers 
for low-grade systemic inflammation and adipokines, for the 
multidisciplinary intervention group and usual-care group. At 
baseline, there were no significant differences for these param-
eters between the two groups.

Table 2 shows the changes in parameters for glucose metab-
olism, markers for low-grade systemic inflammation, and adi-
pokines and serum lipids for both groups, between baseline 
and the end of the 16-wk treatment program, and the differ-
ence in the change in these parameters between the groups. In 
the multidisciplinary intervention group, a statistically signifi-
cant decrease in insulin, updated HOMA-IR (HOMA2-IR), 
HbA1c and TNF-α was found. IL-6 showed a trend toward a 
statistically significant decrease (P = 0.09). In the usual-care 
group, decreases were only found for insulin and HOMA2-IR, 
in parallel with a small but statistically significant increase in 
serum glucose (4.4 mg/dl). Comparing both groups, changes 
over time were not significantly different apart for trends in the 
decrease in total cholesterol (T (C)) (P = 0.07) and TNF-α (P = 
0.06), which almost reached statistical significance in favor of 
the multidisciplinary intervention group.

We investigated in an observational manner whether the 
changes over time in measures of adiposity were related to 
improvements in cardiovascular risk factors. These  analyses 
were performed in children from both treatment groups 
together, since children lost weight in both programs. Moreover, 
there were no differences between these  variables at baseline. 
Regarding parameters for glucose metabolism, statistically 
 significant correlations were found between the decrease in BF% 
and decrease in insulin (r = 0.352; P = 0.02) and between the 
decrease in BF% and improvement in HOMA2-IR (r = 0.365; P 
= 0.02) (Figure 1a). There were no statistically significant cor-
relations between changes in visceral fat (VF) and changes in 
insulin concentrations (r = 0.011; P = 0.94) and  HOMA2-IR 
(r = 0.026; P = 0.87). Concerning the lipid  profile, a decrease 
in BF% correlated with a decrease in serum TG (r = 0.290; 
P =  0.02) (Figure 1b), mainly due to a correlation between 
changes in abdominal subcutaneous fat and TG (r = 0.273;  
P  = 0.04). No statistically significant correlations were  present 
between a decrease in VF and a decrease in T (C) (r = 0.187;  

P = 0.15) and TG (r = 0.085; P = 0.52). Statistically significant cor-
relations were found between changes in leptin concentrations 
and changes in z-BMI (r = 0.535; P < 0.001), z-WC (r = 0.323; 
 P = 0.01), VF, and BF% (both r = 0.345; P = 0.01). No correla-
tion was found between changes in BF% and changes in adipo-
nectin concentrations (r = −0.181; P = 0.16).

Regarding associations between parameters for glucose 
metabolism and markers for inflammation and adipokines, sta-
tistically significant correlations were found between changes 
in leptin concentrations and changes in insulin concentrations 
(r = 0.367; P = 0.01) and HOMA2-IR (r = 0.372; P = 0.01). 
Also, a decrease in hsCRP concentrations showed a correlation 
with a decrease in HOMA2-IR (r = 0.359; P = 0.03) and with 
a decrease in insulin concentrations (r = 0.360; P = 0.02). 
For associations between serum lipids and markers for low-
grade systemic inflammation, an inverse correlation was found 
between changes in IL-6 and changes in serum high-density 
lipoprotein (cholesterol) (HDL (C)) (r = −0.311; P = 0.02) and 
between the change in IL-6 and change in T (C) (r = −0.346; 
P = 0.01).

In the factors analysis, we included changes in z-BMI, leptin, 
adiponectin, HOMA2-IR, HDL (C), T (C) and TG, TNF-α, 
IL-6, and hsCRP. Low-density lipoprotein (cholesterol) was 
excluded because it inhibited the elimination process. The fac-
tor analysis was performed several times with including and 
excluding several factors, to check for stability of the analysis. 
The final model included all variables but low-density lipopro-
tein (cholesterol) and resulted in four factors with eigenvalue 
>1 that together explained 53% of the variance, i.e., a leptin/
BMI factor (17%), a T (C) factor (13%) that also included 
HDL (C) and TNF-α, a TG factor (13%) with HDL (C) and 
HOMA2-IR, and a IL-6/hsCRP factor (10%) that also included 
HOMA2-IR.

DISCUSSION
This study shows that both obesity treatment programs in 3- to 
5-y-old children resulted in improved insulin sensitivity. In the 
children receiving the multidisciplinary intervention program, 
TNF-α, an indicator of low-grade systemic inflammation, 
decreased. When combining both groups, strong correlations 
were found between improvements in parameters for glucose 
metabolism and lipid profile, with improvements in body com-
position. Also, correlations were found between a decrease in 
inflammatory markers and improvements in lipid profile and 
glucose metabolism.

The importance of reducing IR in lowering metabolic risk 
factors in children has been demonstrated in a previous study 
(12). A decrease in HOMA-IR correlated with a decrease in TG, 
independently of changes in weight status, thereby emphasizing 
the role of IR in the development of cardiovascular risk factors. 
The association between reduced body fat and decreased IR was 
further illustrated by a prospective cohort study in obese chil-
dren, aged 9–17 y (13). In obese Hispanic adolescents partici-
pating in an exercise program, a decrease in VF also decreased 
IR (14). Our data confirm these findings and show that this 
association is already present in very young children.
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Obesity-related dyslipidemia, already described in child-
hood, increases the risk on the development of atherosclero-
sis (15). Lifestyle intervention programs are recommended 
to treat child and adolescent overweight and obesity (16). 
To date, little is known about the effect of lifestyle interven-
tion programs on lipid profiles in preschool-aged children. 
Recently, it was shown that a 13-wk multicomponent wellness 
intervention program in, on average 16 y olds, led to a 15% 
increase in HDL (C) concentrations, despite a lack of decrease 
in BMI (17). In 9- to 13-y-old obese children, weight loss over 
a 1-y period was associated with a significant decrease of TG 
concentrations (7). Our study in 3- to 5-y-old overweight and 
obese children shows that a reduction in abdominal subcuta-
neous fat and BF% is associated with a decrease in TG concen-
trations. These results may imply that treatment programs in 
preschool-aged overweight and obese children can prevent a 
cumulative lifetime exposure to increased risk factors for car-
diovascular disease.

The present study also shows that a multidisciplinary inter-
vention program in preschool-aged overweight and obese 

children has positive effects on one of the markers of low-
grade systemic inflammation, TNF-α. Positive effects of a 
reduction in BMI on TNF-α have been described in obese 
children with a mean age of 10.7 y (8). In contrast, no effect on 
TNF-α concentrations was observed in 9- to 13-y-old obese 
children who experienced a decrease in BMI SD score of ≥0.5 
over a 1-y period (7). For comparison, in the present study, the 
decrease in the multidisciplinary treatment group was 0.5 SD 
over 16 wk and 0.3 SD in the usual-care group. A significant 
decrease in CRP and IL-6 concentrations was demonstrated 
in 24 obese children, aged 6–9 y old, who obtained a decrease 
in BMI SD score of ≥0.5 over a period of 9 mo (4). This could 
not be confirmed by our data, although the decrease in IL-6 
concentrations in the multidisciplinary intervention group 
showed a trend toward statistical significance.

Obesity can have effects on cardiovascular risk profile and IR 
through several mechanisms. The two most well-known path-
ways are adipocyte dysfunction/inflammation and lipotoxic-
ity/ectopic fat disposition (18). Inflammatory factors have been 
shown to induce IR in several tissues by interacting with the 

table 1.  Descriptive and anthropometric characteristics, serum lipids, adipokines, and markers for low-grade inflammation and insulin 
resistance of the study population at baseline

Characteristics
Multidisciplinary intervention  

group (n = 40)
Usual-care group  

(n = 35) P value

Age (years) 4.6 (0.8) 4.7 (0.8) 0.47

Boys/girls (n) 12 (30.0%)/28 (70.0%) 9 (25.7%)/26 (74.3%)

Adiposity (ref. 11)

BMI z-score 2.7 (1.0) 2.7 (1.0) 0.77

  Waist circumference z-score 2.7 (1.0) 2.7 (1.0) 0.95

  Body fat percentage 29.0 (7.8) 28.6 (6.3) 0.80

  Fat-free mass (kg) 19.7 (2.4) 19.7 (3.6) 0.97

  Visceral fat (cm) 4.4 (1.4) 4.3 (0.8) 0.65

  Subcutaneous fat (cm) 1.8 (0.7) 1.7 (0.7) 0.64

Lipids

  Total cholesterol (mg/dl) 150.8 (23.1) 146.7 (23.9) 0.46

  High-density lipoprotein (cholesterol) (mg/dl) 51.1 (8.9) 47.5 (11.8) 0.13

  Low-density lipoprotein (cholesterol) (mg/dl) 96.7 (21.6) 94.7 (20.2) 0.69

  Triglycerides (mg/dl) 63.6 (23.4) 75.3 (41.3) 0.13

Glucose metabolism

  Glucose (mg/dl) 75.6 (5.1) 74.9 (7.5) 0.67

  Insulin (mU/l) 8.1 (4.3) 7.6 (3.8) 0.67

  HOMA2-IR 1.0 (0.5) 1.0 (0.5) 0.68

  HbA1c (%) 5.3 (3.3–6.0) 5.3 (4.5–5.8) 0.78

Inflammation/adipokines

  Adiponectin (ng/ml) 18.9 (5.0) 17.6 (4.3) 0.26

  Leptin (ng/ml) 5.7 (1.5–40.8) 8.4 (0.9–47.4) 0.43

  High-sensitive C-reactive protein (mg/l) 1.0 (0.1–8.7) 0.9 (0.1–8.7) 0.54

  Tumor necrosis factor-α (pg/ml) 3.0 (1.1–26.1) 2.8 (1.2–7.9) 0.60

  Interleukin-6 (pg/ml) 1.3 (0.3–4.3) 0.6 (0.3–7.1) 0.23

Normal distributed variables are expressed as mean (±SD); non-normally distributed variables are expressed as median (minimum to maximum). For differences between groups, the 
independent Student’s t-test was used for variables with a normal distribution and the Mann–Whitney test for non-normally distributed variables.
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insulin signaling pathway (19,20). An obesity-related profile of 
inflammation and adipocyte dysfunction is often found in par-
allel with impairments in lipid metabolism (21). Elevated FFA 
are thought to play an important role, since higher circulating 
fatty acids may induce intramyocellular lipid accumulation, 
directly inducing IR in skeletal muscle and impairing sub-
strate utilization (22). All of these processes are well described 
in adults. It is surprising to see that even at a very young age, 
these processes are ongoing.

Since it can be hypothesized that the pathophysiologi-
cal pathways could still be different at this young age, we 
explored the data using factor analysis. The finding that 
43% of the variance was explained by a factor dominated by 
changes in leptin/BMI, T (C), and TG suggests that changes 
in lipotoxicity concomitant with a reduction in leptin are the 
most important changes with weight loss in 3- to 5-y-old chil-
dren. The remaining factor was dominated by changes in IL-6 
and hsCRP (10%) suggesting that also inflammation plays a 
role, but to a lesser extent, and that it is not strongly inter-
twined with the lipotoxicity pathway. Of course, these factors 
are exploratory in nature and should only be interpreted as 
hypothesis generating.

Strong points of this study are the young age of the children 
and the range in degree of obesity of the study participants. 
Until present time, no data were available on the effect of obe-
sity intervention programs on cardiovascular risk factors in 
preschool-aged children. Our data may imply that children 
with overweight or obesity at this young age will benefit from 
obesity intervention programs with respect to reducing the 
risk of developing MS in adulthood. Furthermore, since chil-
dren in our study were either overweight or obese, the results 
on adipokines, IR, lipid profile, and low-grade inflammation 

can be generalized to a larger extent, in contrast to studies only 
reporting on children with extremes in obesity.

A weak point of the study was the limited power to detect 
more differences between baseline and the end of the treat-
ment program. Due to low power for changes in leptin, adipo-
nectin, HDL (C), IL-6, and hsCRP, the lack of significant effects 
should be interpreted with care. Nevertheless, we feel that our 
data clearly show beneficial effects of both obesity treatment 
programs in preschool-aged children. Also, the present study 
did not include a control group of nonoverweight children to 
determine if the results of the parameters are different from 
a normal population or to evaluate if there is a change over 
time in children without overweight. It was our intention to 
evaluate the effect of an intervention program in overweight or 
obese children. Therefore, we did not include children without 
overweight.

In addition, the use of bioimpedance analysis to estimate 
BF% and the use of ultrasound to measure abdominal fat have 
some limitations, although discriminatory power for repeated 
measurements is good. Moreover, it has been demonstrated 
in 6-y-old children that bioimpedance analysis is reliable in 
assessing fat mass (23). Furthermore, the use of ultrasound to 
measure abdominal adiposity has been validated in adults (24) 
and proven its reliability in assessing subcutaneous abdominal 
fat in 6- to 7-y-old children (25).

In conclusion, the present study shows that obesity treat-
ment programs in 3- to 5-y-old children have beneficial effects 
on insulin sensitivity and that, already in very young children, 
a reduction in body fat improves insulin sensitivity. In the 
multidisciplinary intervention group, next to improved insu-
lin sensitivity, we also found a reduction in TNF-α concentra-
tions. It can be hypothesized that the improvement in these 

table 2.  Changes in lipids, adipokines, and markers for low-grade inflammation and insulin resistance, between baseline and end of the 16-wk 
treatment program

Characteristics

Multidisciplinary intervention 
group Usual-care group

Difference between 
groups

Mean 
difference (SD) P value

Mean 
difference (SD) P value Mean (SD) P value

Total cholesterol (mg/dl) −2.5 (16.2) 0.38 6.4 (20.3) 0.11 8.9 (4.7) 0.07

High-density lipoprotein (cholesterol) (mg/dl) −0.2 (9.6) 0.89 0.7 (9.5) 0.70 0.9 (2.5) 0.71

Low-density lipoprotein (cholesterol) (mg/dl) −3.6 (15.3) 0.19 3.0 (17.1) 0.36 6.7 (4.2) 0.12

Triglycerides (mg/dl) −1.8 (19.5) 0.60 −4.8 (35.5) 0.48 3.0 (7.3) 0.68

Glucose (mg/dl) 1.9 (7.1) 0.21 4.4 (8.9) 0.03 2.5 (2.3) 0.29

Insulin (mU/l) −2.2 (4.0) 0.01 −2.9 (4.8) 0.01 0.6 (1.3) 0.63

HOMA2-IR −0.3 (0.5) 0.02 −0.4 (0.6) 0.01 0.1 (0.2) 0.65

HbA1c (%) −0.3 (0.5) 0.01 −0.1 (0.5) 0.42 0.2 (0.1) 0.12

Adiponectin (ng/ml) −0.9 (3.9) 0.22 −1.3 (4.0) 0.08 0.5 (1.0) 0.64

Leptin (ng/ml) −1.4 (6.8) 0.25 −1.3 (9.6) 0.46 0.1 (2.1) 0.98

High-sensitive C-reactive protein (mg/l) −0.2 (2.7) 0.73 −0.3 (3.0) 0.63 0.1 (0.8) 0.87

Tumor necrosis factor-α (pg/ml) −2.5 (4.9) 0.01 −0.4 (3.1) 0.48 2.1 (1.1) 0.06

Interleukin-6 (pg/ml) −0.4 (1.3) 0.09 0.0 (1.0) 0.83 0.4 (0.3) 0.23

Positive numbers indicate an increase over time. For within-group differences, a paired sample Student’s t-test was used for normally distributed variables. For variables not normally 
distributed, a related-samples Wilcoxon signed-rank test was used.
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parameters may diminish the increased cumulative lifetime 
exposure to risk factors related to childhood obesity, thereby 
reducing MS and cardiovascular disease risk in adulthood. 
Prospective studies are needed to further explore the effects 
of different treatment programs for overweight and obesity in 
preschool children, on parameters leading to MS later in life.

METHODS
Children and parents participated in a randomized controlled clini-
cal trial, called “Groningen Expert Center for Kids with Obesity-
Outpatient Clinic.” Details on this study have been described previ-
ously (11). In brief, children aged 3–5 y were referred to the outpatient 
clinic by youth health care physicians, general practitioners, or other 
physicians if they had a z-BMI > 1.1. Children with medical conditions 
causing obesity, eating disorders, mental retardation, or behavioral 
problems were excluded from the study. Enrollment took place from 
October 2006 to March 2008, and a total of 75 children were included.

Children and their parents were randomly assigned to a multidisci-
plinary intervention or a usual-care program. The outline of both pro-
grams is given in Table 3. The multidisciplinary intervention program 
consisted of dietary advice, physical activity sessions, and psychologi-
cal counseling for parents. Dietary advice, six sessions of 30 min each, 
was given by a dietician and focused on improving eating behavior 
by setting personal goals for parents and children. Feedback was 
given on these goals using food diaries. Physical activity, 12 sessions 
of 60 min each, were supervised by a physiotherapist and resembled 
elementary school exercise, including ball playing and dancing to 
music. An active lifestyle was propagated during these activity ses-
sions. Psychological counseling for parents, six sessions of 120 min 
each, was given by a psychologist and aimed at teaching parents to 
be a healthy role model, thereby demonstrating a healthy lifestyle to 
their children. In the usual-care program, children and parents were 
seen by a resident in pediatrics (three sessions of 30–60 min each) 
who advised on healthy eating and physical activity. In total, both 
programs lasted 16 wk. Written informed consent was obtained from 
the parents or legal caretakers. The study was approved by the Medical 
Ethics Committee of the University Medical Center Groningen.

At the start and at the end of the treatment period, anthropometry 
and assessment of body composition were performed. Height and 
weight were measured using standard calibrated stadiometers and 
scales and used to calculate BMI. WC was measured using a standard 
measuring tape, at the midpoint between the lateral iliac crest and 
the lowest rib. The web-based program Growth Analyser 3 (Growth 
Analyser B.V., Rotterdam, The Netherlands) was used to calculate 
age- and gender-specific z-BMI and z-WC. Body composition, i.e., 
fat-free mass and BF%, was assessed by bioimpedance analysis (BIA-
101; Akern S.r.l./RJL Systems, Florence, Italy), and measurements of 
VF and subcutaneous fat were performed using ultrasound (SonoSite 
Titan; SonoSite, Bothell, WA) (24).

Blood was drawn after an overnight fast, at the start and end of 
the treatment period. An enzymatic colorimetric method (Roche 
Modular, Mannheim, Germany) was used to determine T (C), 
HDL (C), low-density lipoprotein (cholesterol), and TG. HbA1c 
was determined using a high-performance liquid chromatography 
method (Bio-Rad Variant; Bio-Rad Laboratories, Veenendaal, The 

Figure 1.  (a) Pearson correlation coefficient between the change in 
body fat percentage and the change in the updated HOMA-IR, between 
baseline and end of the treatment period. P = 0.02; r2 = 0.133. (b) Pearson 
correlation coefficient between the change in body fat percentage and 
the change in serum triglycerides (mg/dl), between baseline and end of 
the treatment period. P = 0.02; r2 = 0.084.
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table 3.  Schematic representation of weekly activities in the multidisciplinary intervention and usual-care groups

Multidisciplinary 
intervention group Baseline 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Measurements X — — — — — — — — — — — — — — — X

Dietary advice by dietician — X X — X — — — X — — X — — X — —

Physical activity session by 
physiotherapist

— — — X X X X X X X X X X X X — —

Parental behavioral 
therapy by psychologist

— — — — — X — X — X — X — X — X —

Usual-care group Baseline 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Measurements X — — — — — — — — — — — — — — — X

Visit to resident in 
pediatrics

— — X — — — — X — — — — X — — — —

Numbers indicate the weeks of the program. X indicates visit.
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Netherlands), insulin by radioimmunoassay (Diagnostic Systems 
Laboratories, Webster, TX), and glucose by an enzymatic method 
(hexokinase-mediated reaction; Roche Modular, Mannheim, 
Germany). HOMA2-IR was used to calculate IR (26). For mark-
ers of low-grade systemic inflammation, hsCRP was determined 
by a nephelometric method (BN II system; Siemens Healthcare 
Diagnostics B.V., Breda, The Netherlands). Serum concentrations of 
leptin, IL-6, and TNF-α were simultaneously measured by a combi-
nation enzyme-linked immunosorbent assay (Milliplex Map Human 
Adipokine Panel B; Millipore, St. Charles, MN). Serum concentra-
tions of adiponectin were quantified by enzyme-linked immunosor-
bent assay (Millipore).

Statistical analysis was performed using PASW Statistics ver-
sion 18.0 (SPSS, Chicago, IL). Distribution of normality was tested 
using the one-sample Kolmogorov–Smirnov test. For within-group 
differences, a paired sample Student’s t-test was used for normally 
distributed variables. For variables not normally distributed, a 
related-samples Wilcoxon signed-rank test was used. For differ-
ences between groups, the independent Student’s t-test was used 
for variables with a normal distribution and the Mann–Whitney 
test for not normally distributed variables. To assess the association 
between changes over time of various variables, the difference over 
time was calculated as variable at baseline minus variable at 16 wk. 
All differences over time were normally distributed. Then, Pearson 
correlation coefficients were calculated. The significance level of all 
tests was 0.05. To further explore the underlying structure of the 
correlation in changes in cardiovascular risk factors after the obe-
sity intervention, we performed exploratory factor analysis. Factors 
were attributed to variables with correlation >0.55, and variables 
with correlation >0.3 are mentioned.
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